Atomic structures of periplasmic binding proteins and the high-affinity active transport systems in bacteria.
We have determined and refined the X-ray crystal structures of six periplasmic binding proteins that serve as initial receptors for the osmotic-shock sensitive, active transport of L-arabinose, D-galactose/D-glucose, maltose, sulphate, leucine/isoleucine/valine and leucine. The tertiary structures and atomic interactions between proteins and ligands show common features that are important for understanding the function of the binding proteins. All six structures are ellipsoidal, consisting of two similar, globular domains. The ligand-binding site is located deep in the cleft between the two domains. Irrespective of the nature of the ligand (e.g. saccharide, sulphate dianion or leucine zwitterion), the specificities and affinities of the binding sites are achieved mainly through hydrogen-bonding interactions. Binding of ligands induces a large protein conformational change. Three different structures have been observed among the binding proteins: unliganded 'open cleft', liganded 'open cleft', and liganded 'closed cleft'. Here we discuss the functions of binding proteins in the light of numerous crystallographic and ligand-binding studies and propose a mechanism for the binding protein-dependent, high-affinity active transport.